Student evaluation of teaching (SET) scores have been used widely to assess instructors' performance in teaching, and it has been argued that instructors may "purchase" better evaluation scores by inflating students' grade expectations. In this paper, using a stochastic frontier model, we explicitly control for the grade expectation not only as a regressor but also as a factor in instructors' inefficiency in reaching the frontier. This method permits a separation of unobserved factors that are distributed randomly ("luck") from an instructor's unobservable inherent teaching skill (efficiency or lack thereof).
INTRODUCTION
Student evaluation of teaching (SET) scores have been used extensively in assessing the quality of teaching and are an important component in evaluating instructors for promotion and tenure. The use of SET scores as a measurement of teaching effectiveness (Gramlich and Greenlee 1993) and an instructor's likely (Krautmann and Sander 1999) or unlikely (Seiver 1983) "purchase" of SET scores by inflating students' expected grade have been discussed in the literature. McPherson, Jewell, and Kim (2009) discuss factors contributing to SET scores and the adjustment of SET scores. The purpose of this paper is to analyze the role of students' grade expectation in instructors' teaching evaluations with a stochastic frontier model so that both evaluation scores and inefficiencies can be a function of expected grade. With the inefficiency estimates, instructors can be ranked based on their inabilities in achieving higher SET scores.
The stochastic frontier model is a popular models in evaluating decision-making units' outputs. Some examples of decision-making units analyzed in this way include municipalities (Lorenzo and Sánchez 2007) , fishermen (Alvarez and Schmidt 2006) , students (Dolton, Marcenaro, and Navaro 2003) , as well as firms. The frontier model has been used to examine street lighting service by municipalities as a function of human resources, capital goods and environmental variables, fishermen's skill and luck in explaining fish catches, and students' time allocation problem in maximizing exam performance. In this paper, instructors are treated as producers, and they produce teaching service whose quality is measured by SET scores. This methodology allows us to separate unobservable or unobserved factors that are distributed randomly, such as the disproportionate presence of enthusiastic and appreciative students in a particular class or an instructor's physical attractiveness from an instructor's unobservable inherent teaching skill, how charming he might be, his organizational talent, etc. One might think of the former category as luck; the latter may be thought of as efficiency (or lack thereof). The frontier is set by an instructor with the highest evaluation score, and the frontier is allowed to be stochastic due to statistical noise. The difference between the highest evaluated instructor and another instructor is the latter instructor's relative inefficiency in producing teaching service. In one of the models that we consider, the inefficiency is a function of students' expected grade which may be controlled by an instructor.
While there have been a number of studies that have examined the effects of various factors on SETs, these have generally conflated efficiency and luck. This paper represents the first effort to estimate the determinants of SETs while separating these effects statistically.
This paper is organized as follows. We begin with the discussion of the stochastic frontier model and inefficiency in the setting of evaluating instructors. Next, we provide data description, followed by estimation results, and conclusions.
MODEL
The stochastic frontier model proposed by Aigner, Lovell, and Schmidt (1977) and Meeusen and van den Broeck (1977) has the following form,
, where y is the decision making units' output levels, x is the vector of inputs, v is a symmetric error term of random factors, and u is a positive one-sided error term representing efficiency so that -u represents shortfall or inefficiency from the stochastic frontier of ( v x + β ).
The idiosyncratic error term, v is a typical regression error term representing random factors affecting SET scores such as the luck of having in one's class generous or parsimonious students or a random discovery of good instructional materials to be used in class. The inefficiency term in our setting represents instructors' inherent skill in teaching which may limit them from realizing their potential in teaching or earning higher evaluation scores. An instructor with some inefficiency does not reach the SET score frontier. The shortfall may be due to unobservable factors such as differences in inherent teaching ability, the students' views on an instructor's charm, or an instructor's responsiveness to students' emails or requests to meet. However, at least in our data set inefficiency can be also affected by an observable factor; this is a factor over which instructors can exercise some control. Also, when instructors are observed over time, it is possible to control for the fact that inefficiencies may change over time. This could be the result, for example, of learning by instructors.
In this spirit, we consider two frontier models in which the inefficiency is modeled as a function of time and/or students' expected grade. 1 The first one is the Battese and Coelli (1992) and the one-sided error term is defined as
where η is an unknown scale parameter, the u i 's are assumed to be independent and identically distributed (iid) non-negative truncations of N(μ, σ μ 2 ), and the v it 's are iid N(0, σ v 2 ). This model also assumes that u i and v it are independent of each other and of the regressors in the model.
When η is positive, u it decreases over time; with a negative η, u it increases over time; with η = 0, u it remains constant. It is a somewhat rigid parameterization in that the rate of change for η it with respect to t is non-decreasing regardless of the sign of η since
. However, it is a simple function of time and allows a multiplicative decomposition of u it which has the so-called "scaling property" (Wang and Schmidt 2002) . u is a product of a function of exogenous variables, z and the part of u that does not depend on z, u*, so that u = f(z; δ)u*. Battese and Coelli (1992) showed that the minimum mean squared error predictor
where
, and Φ( . ) represents the cumulative distribution function of the standard normal random variable.
The second model is the Battese and Coelli (1995) model (hereafter, BC95) in which the one-sided term is defined as
where u it follows a truncated normal distribution with the mean of z it δ and the variance of of whom are female and 22 of whom are non-white. On average, an instructor teaches about 2.10 courses with a standard deviation of 0.89. The variables used in this study are discussed below, and their summary statistics are presented in Table 1 .
[Insert Table 1 about here]
The dependent variable is the logarithm of an instructor's SET scores (eval). 2 The department's SET is calculated by averaging responses to four statements: "I would take another course that was taught in this way;" "The instructor did not synthesize, integrate, or summarize effectively;" "Some things were not explained very well;" and "I think that the course was taught quite well." The average evaluation scores can range from one to four, with a four representing the best possible SET score. Following earlier studies employing these data, we utilize the department's chosen measure. The average SET score in principles classes is 3.325; the comparable statistic for upper-level classes is slightly higher at 3.491.
Following the literature, the determinants of SET scores are likely to fall into several categories. The first group of SET score determinants comprises characteristics specific to instructors. In order to control for observable characteristics, we include the gender (male), race (white), total semesters of university teaching experience (exper), whether the instructor is a teaching fellow or adjunct (adjunct), and the instructor's age (age). Even if race and gender do not have an impact on teaching ability, an instructor's observable characteristics (including race, gender, and age) can still affect SET scores if some bias exists in the evaluation process. For instance, research exists suggesting that students perceive female instructors differently than men. Experience should be positively related to SET scores, since more time in the classroom should increase the quality of one's teaching. Instructors who are adjuncts or a teaching fellows (adjunct) have no research and limited service responsibilities and consequently may focus on teaching. As a result, we expect that such faculty will have higher SET scores, all else equal. Holding constant the effect of experience, we expect SET scores to fall as instructors age. There are several reasons to expect such an effect. First, faculty members may spend less time on teaching activities and allocate more time towards research or administrative duties, as they age. Second, students may simply prefer courses taught by younger instructors. Third, as an instructor ages, she becomes further removed from her graduate education. Without additional training, an instructor's human capital, in terms of her knowledge of the current state of the discipline, will inevitably depreciate.
A second group of factors that may influence SET scores are characteristics of the students in each class; these include the proportion of students participating in the evaluation exercise that major in economics (pctmajor), the proportion of students in each class that is female (pctfemale), the average grade expected by students in the course (expgrade), and the percentage of students enrolled in the class that participate in the evaluation exercise (response). The proportion of students majoring in economics may affect evaluation scores in that economics majors are presumably more interested in economics in general and may be more likely to recognize quality teaching in economics.
The gender composition of the respondents may impact SET scores if there are differences in the standards used by male and female students in evaluating teaching.
expgrade is measured on the usual four-point scale, averaging 2.912 for principles courses in the data and 3.222 for upper-level courses. A priori one would suspect that students expecting higher course grades are more likely to give instructors high evaluation scores. The effects of the response rate on SET scores may be less clear. On the one hand, response may be correlated with student enthusiasm for the course so that higher response rates lead to higher evaluation scores. On the other hand, the response rate may be higher in courses in which attendance is required or perceived as important.
This might cause the relationship between eval and response to be an inverse one.
Finally, we include a time trend variable (semester) in order to control for changes in the composition and preferences of students over time.
A In order to fit the stochastic frontier model with time-varying efficiency, some variables take different forms for estimation in the BC92 and BC95 models. Typically an instructor teaches more than one course per semester. Given multiple SET scores of an instructor in each time period, we use an average of SET scores from all the courses an instructor teaches in each semester in defining the dependent variable for the BC92 and BC95 models. This gives us a single observation for an instructor in each time period.
Accordingly, characteristics of the students in each course such as pctmajor, pctfemale, response and size are also averaged. All the variables measuring course characteristics in the models are modified to count the number of courses an instructor teaches each semester for each course category, unlike the dummy variables used in the first model we estimate, M1. For example, prncpl in the BC92 and BC95 models counts the total number of principles courses an instructor teaches each semester, and the same applies to other course variables. Table 2 presents the estimation results for three different models. The estimation is done by Stata and Coelli's Frontier software. In the first model labeled as M1, the onesided error term is time-invariant: that is, both u and η in the BC92 model are set to zero in Ml. In the BC92 model, inefficiency is a function of time, and a positive and significant ηˆindicates that the non-negative inefficiencies would decrease over time. In the BC95 model, students' expected grade is found to be a significant factor in u it . Given statistically significant parameter estimates in the one-sided error term across the three estimation outputs, the frontier model specification is preferred to the regression model without the inefficiency term.
ESTIMATION RESULTS
[Insert Table 2 about here] Figure 1 presents SET score trend for faculty members with the three highest overall SET scores and three lowest. It seems to indicate that there is no noticeable upward or downward trend in their SET scores, although there are ups and downs between semesters. This is confirmed by the insignificant estimates on the trend term (semester) in the three models.
[Insert Figure 1 about here]
However, there are several factors that do affect evaluation scores. Students' expected grade plays the largest role in affecting SET scores in all three specifications. In the BC95 results, if a student's grade expectation changes from a C to a B (that is, 50 percent increase from a grade of 2 to 3), instructor's evaluation scores would go up by 5.845 percent. At the mean value of evaluation scores, this translates to about 0.2 higher evaluation score (= 3.389 x 0.05845) which is not a trivial amount given that the sample standard deviation is 0.311. This effect is smaller than an increase between 0.34 and 0.56 reported in the paper by Krautmann and Sander (1999) . This is because in the BC95 model expected grade affects evaluation scores through two different channels: one is through a regressor, and the other is through an inefficiency term. The expected grade is also a significant factor in reducing instructor's inefficiency even after controlling for trend and age in the BC95 specification. 3 These effects support the arguments that instructors may "purchase" higher evaluation scores by inflating students' grade expectation since with a smaller inefficiency amount, the instructor can be closer to the frontier of teaching evaluation. This finding is consistent with much of the earlier literature, including McPherson (2006) , Isely and Singh (2005) , Krautmann and Sanders (1999), and Dilts (1980) . Other significant factors are instructor and course characteristics.
In the BC95 results, male instructors receive about three percent higher SET scores than female instructors. Being white and experienced also positively affect SET scores. As an instructor gets older, SET scores would decrease by about 0.34 percent per year, holding other factors constant. This may be because students prefer younger instructors. Adjuncts also earn higher evaluation scores, as expected. In terms of course characteristics, SET scores are negatively affected when an instructor teaches more principles and intermediate courses. 4 This is to be expected since students with noneconomics majors are taking the required principles and intermediate courses and may not value such courses as highly as students who are or will become economics majors.
In the case of intermediate courses, these are also required of economics majors, and so SET scores me be lower relative to upper-division classes that students elect to take. As instructors teach more upper level courses, their SET scores will be higher. For example, teaching an additional quantitative course would raise SET scores by 2.69 percent.
Unlike the instructor and course characteristics, student characteristics in classes are not significant factors. This may be due to the frontier model's separation of efficiency from luck in the composite error term. In a study without that separation, McPherson, Jewell, and Kim (2009) found that some student characteristics do affect SET scores. In particular, they find that principles of economics classes with higher proportions of economics majors and of female students tend to assign instructors higher SET scores. In other economics classes, however, these effects are negative (although only significant in a statistical sense in the case of the proportion of economics majors).
McPherson (2006) found a positive effect of pctmaj in upper-level economics courses, and McPherson and Jewell (2007) found that the gender composition of graduate-level classes has no effect on SET scores.
We also compute tenure-track (instructors with adjunct = 0) faculty members' efficiency estimates in all three models and list them in comparison with SET scores in who is male and white with 22 semesters of teaching has earned the highest overall SET score of 3.6924 and is ranked in the top half in terms of efficiency; instructor 30 who is male and non-white with 12 semesters of teaching has the lowest average SET score of 3.1628 and is the least efficient. Given the BC95 results, instructor 75 is most efficient but does not have the highest evaluation scores, and instructor 35 has the highest overall evaluation scores but is ranked sixth in terms of efficiency. This indicates that instructor 75 can earn higher evaluation scores by becoming more efficient; this is even more the case with instructor 35. This might be accomplished by these instructors by means of laudable methods such as the mastering of more effective pedagogies or by becoming better organized or more responsive to students' needs. However, it is also true that instructors could also reduce their inefficiency measures by using the less laudable method of inflating student grade expectations.
[Insert Table 3 
CONCLUDING REMARKS
We analyze instructors' performance on teaching using the stochastic frontier model with time-varying technical inefficiency. In the frontier model, the unobservable luck or random factor in the SET score determination is separated from an instructor's efficiency term that affects SET scores. Efficiency estimates represent the part of the composite error term that is free from random factors or luck, and we model efficiency as a function of expected grade. Also, students' expected grade in all models is shown to be a significant factor in explaining SET scores while controlling for various instructor, student, and course characteristics. The significant parameter estimates in the one-sided error term support the presence of technical inefficiencies in teaching. Higher grade expectation reduces instructor's inefficiency in reaching the SET score frontier. This supports an argument that an instructor may "buy" better evaluation scores by inflating students' grade expectations. Also, the comparison of SET scores and technical inefficiencies shows that highly evaluated instructors tend to be more efficient than instructors with low evaluation scores, but not always.
What is not considered in this paper is that possible positive or negative effect of faculty members' research or service activities on teaching: students may value faculty members with active research agenda. On the other hand, such faculty members may have less time to prepare for classes and to engage students, which may negatively affect SET scores. This paper is an attempt to provide additional evidence on the link between evaluation scores and grade expectation where opposing views exist. Perhaps an improved way of evaluating instructors should somehow take into account of grade distribution in classes to offset seemingly higher evaluation scores generated by students'
higher grade expectations. 2. SET scores result from survey near the end of the semester. SET forms are distributed without previous announcement and are anonymous.
3.
When only one of the trend and age terms besides expected grade is included, the estimated coefficient on expected grade is still significant.
4.
The course variables are measured in counts in BC92 and BC95, unlike in dummy variables in M1. 
